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(54) MOSFET amplifier circuit 

(57) By addition of a compensation circuit compris- 
ing an inexpensive MOSFET and a constant current cir- 
cuit, a MOSFET amplifier circuit is provided at a low 
cost which is capable of making a drain current of the 
MOSFET constant to thereby maintain the operational 
point of an amplifier at an ; optimal state at all times. The 
MOSFET amplifier circuit includes a first MOSFET (1 ), a 
constant current circuit comprising a variable resistor 
(7), an operational amplifier (4), a power supply (Vcc) 
and a resistor (8), a second MOSFET (2) having a con- 
stant current generated by the constant current circuit 
as a drain current (Idq2) thereof; and a voltage control 
circuit comprising operational amplifiers (5, 6) and resis- 
tors (1 0, 1 7) for applying a gate-source voltage (V GS2 ) of 
the second MOSFET (2) to the first MOSFET (1) as a 
gate-source voltage (V GS1 ) thereof. 
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Description •! t ., ; . 

[0001] The present invention relates to, an amplifier circuit employing MOSFETs, and, in particular, to a circuit for 
use with a high frequency amplifier circuit employing a MOSFET for compensating for a secular change in a drain cur- 

5 rent of a MOSFET : . . ' . : • •.. . . . .', /, . : . ..... • . / . • ; . 

[0002] A cJrain current l DQ of a MOSFEJ at the time of.no signal input thereto is determined by the magnitude of a 
gate-source voltage V GS 'thereof. .Fig, 4 shows, a V G s versus l DQ characteristic of such a MOSFET In general, the elec- 
tric characteristics such as an operational point of a MOSFET vary, depending upon the magnitude of a drain current 
thereof, so with, an amplifier employing a MOSFET, the 'plrain current l DQ of the MOSFET is set so as to provide an opti- 

io mal electrical iDperatio :. \.\ ■ :- . (i . " . • ' ', 

- - [0003] - However, a MOSFET has a so-called -■ho^carrier phenomenon that its drain current l D ^changes overtime. 
Fig. 5 illustrates ; an example 'of such a secular changejn the. drain current of a MOSFET "with a constant gate-source 
voltage V GS thereof^ As clearly seen from Fig. 5, as the .drairi current Iqq of the MOSFET changes, the electrical oper- 
ational point of the MOSFET varies, thus: posing a problem thatch e characteristics of the amplifier having an optimal 

15 lectrica! operational point at the time of the manufacture thereof change over time. '■ ; ' , ( 

SUMMARY.OF THE INVENTION ''] { . .\V t . U, ,\ V \ ■ • \ 

[0004] In view of this, the present invention is intended to obviate the. above-mentioned problem of the prior art of 
20 a change in the operation point of an amplifier due to a change, in a,0rain current of a MOSFET at the time of no signal 
input, and hasjte object to provide a MO S RET amplifier circuit which includes a compensation circuit comprising an- 
inexpensive MOSFET and a coristant current circuit for making the .drain current of the MOSFET constant to thereby 
maintain the operational point of the amplifier at an optimal state at all the times. ; 

[0005] Bearing the above object in mind, according to the present invention, there is provided a MOSFET amplifier 
25 circuit comprising: a first MOSFET; a constant current circuit for generating a current of a constant magnitude; a second 
MOSFET having a constant T drain current controlled by said. constant current circuit; and a voltage control circuit for 
applying a gate-source voltage of said second MOSFET to a gate-source voltage of said first MOSFET 
[0006] With the above arrangement, the voltage control circuit detects, for example, a gate-source voltage of the 
second MOSFET, amplifies and supplies it to the first MOSFET as a gate-source voltage thereof, whereby a voltage 
30 based on a secular change in the gate-source voltage of- the second MOSFET, which provides a constant drain current 
for the second MOSFET, is given to the first MQSFET as its gate-so urce ? voltage^ thus, reducing a change in the drain 
current of the first MOSFET or making it at a constant value!. T! / : J : ■ , .i 

[0007] In this regard, it is to be noted that the voltage contrp I circuit has a;voltage amplification factor set in such a 
manner that the detected gate-source voltage of the. second MOSRET is amplified in accordance with a difference in. 
35 magnitude between the secular changes in the firsthand second I MOSFCTs,* and supplied to.the first MOSFET as its 
gate-source vojtage. As a result, according to this invention,; employing an inexpensive MOSFET for the second MOS- 
FET, a MOSRETamplifier.circurt capable, of compensating for the drain curre^ be provided at f 
a low cost. I ' . ". . .. ' , , . 

[0008] In a.pr^ferred embodiment of the invention, the voltage, control circuit comprises operational amplifiers 'and 
40 a plurality of resistors, and the constant current circuit comprises an operational amplifier, a variable resistor,- resistors 
' and a power. supply. [] . .. , u . ^ _ K . <„ ;/ • . 

[0009] Preferably, the second MOSFET is formed in a chip into which the first MOSFET is built. 
[0010] With this arrangement, the secular change characteristics of the first and second MOSFETs can be made 
substantially the same, thus rendering circuit design easy and simple. - ; 

45 [0011] The above and othero^jects, features and acivantages of the present invention will become apparent to*' 
those skilled in .the art from the ; foll6wing detailed.descriptionj of ^preferred embodiments of the invention taken in con- 
junction with the accompanying drawings. 
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In the Drawings: 
[0012] 



* . Fig. 1 is a circuit diagram conceptually showing a MOSFET amplifier circuit according to the present invention; 

Fig. 2 is a circuit diagram showing a first embodiment of the present invention; 
55 Fig. 3 is acircuit diagram i showing a second embodiment of, the. present /invention; 

Fig. 4 is, a view illustrating the relationship .between- a gate to source voltage of a MOSFET and a drain current 
, thereof;'' -/ : -.\ - , . v; . : . . .. > . ^ . . .■ ■ ■ . ' . ,, .. ^ 

F\g. 5 is.a.view showing^ example of a;secular change ia 
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Fig. 6 is a view showing an example of a secular change in a gate to source voltage of the MOSFET. 

[0013] Before describing details of embodiments of the present invention, reference will be made to a general con- 
cept of the present invention while referring to Fig. 1. ' . ■ - . , y 

s [001 4] Fig. 1 is a circuit diagram conceptually showing the construction of the present invention. In Fig. 1 , a MOS- 
FET amplifier circuit constructed according to the principles of the present invention includes a first MOSFET in the form 
of an amplification MOSFET 1; a second MOSFET in the form of a drain current amplification MOSFET and a supervi-; 
sory control circuit 3. The. supervisory control circuit 3 ? includes a constant current circuit and 'a voltage control circuit of 
the invention, and operates to supervise 6r rnonrtor a drain curreht 'ipe^ of trie second MOSFET 2 and applies a gate- 

io source voltage V GS to the MOSFET 2 as its gate-source voltage so as to control the drain current l DG2 to a predeter- 
mined'value;- ■* '" ' ■ / = ■ .? •" ' v; /' /■ " - * 

[001 5] Fig. 6 illustrates an example of a secular chaYige* in the gate-source voftage V GS of the MOSFET 2 when th 
drain current Iqq of the MOSFET is held constant, as shown in Figs: 4 and 5: In' Fig- 6,. the abscissa is' indicated at a 
logarithmic scale. When the MOSFET 2 having undergone a secular change is controlled by the supervisory control cir- 

15 cuit 3 such that the drain current thereof is held constant; the gate-source voltage V GS of the MOSFET 2 changes as 
shown in Fig. 6. It is desired that the MOSFET 2 is subjected to the same secular change as the MOSFET. 1. undergoes, 
and an increasing demand for high power amplifiers in recent years results in an increased supply of MOSFETs having 
high power outputs and enlarged size. 

[001 6] For these reasons, if the same dries are employed for the first and second MOSFETs 1 , 2, the construction 
20 and power consumption of the circuitry as ^a : whole* wiir be i" enlarge'd'or increased. Thus,, according to the present inven- 
tion,^ small-sized and inexpensive MOSFET is employed for the second MOSFET 2, and the initial value and the rate 
of change of the gate-source voltage V GC £ of the sedohdMdSFET 2is Corrected or Adjusted by the supervisory control ' 
circuit 3 so that the drain current of the MO'SFET ris made constant^ The second MOSFET 2 may be achieved by the 
use of a part of a MOSFET built in a chip" of the 1 first -MOSFET 1 While utilizing substantially the same characteristics : 
25 thereof. - • <. * > ' * . " " ■ ; ■ -*" jif -' • * . : . * • ^ ' ■ - * * ' / • * 

[001 7] Now, preferred embodirhents of the :; present invention will be described in detail while referring to the accom- 
panying drawings. 4 -.:-'-r.v.scr ;? • ; - '\-'\- . : ~ ' r ; * '-'^'''^ 
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Embodiment 1 . 



[0018] Fig. 2 illustrates a circuit arrangement of a MOSFET J arriplifier " circuit according to a first embodirneht of the 
present invention. In Fig. 2, the MOSFET amplifier circuit of this v embo'diment includes, in addition to a first MOSFET 1 
and a second MOSFET 2 ; which are the same -as 1 those sriowh in Fig: T; a plurality of operational amplifiers 4, 5 and 6, 
a variable resistor 71 and a plurality of resistors 8 ■thfbugrVl 7. ^ tn the first embodiment, the relationship betweeri a gate- 

35 source voltage V GS1 of the first MOSFET 1 and a gate-sburde voltage V G £ 2 of the second MOSFET 2 is set sUch that 
the first MOSFET gate-source voltage V G si is greater than the second M&SFET gate-source voltage V GS2 . 
[0019] Here, note that assuming that a voltage at an inverted input terminaf. of the operational amplifier 4 is repre- 
sented by "Vref" and the resistance value of the resistor 8 is represented by "Rs**, the drain current l DQ2 of the MOSFET 
2 .is represented by a Vref/Rs\ The voltageVref can be adjusted by the variable resistor 7 so thatthe'drain current \ D Q2 

40 is made to a prescribed value by means of the variable resistor^ Also, assuming that the drain to source voltage of the 
MOSFET 2 is represented by a constant value Vp 2 , the voltage supply Vcc is represented by the following equation: 

'"" '■ ' ' ' * ' : '^'=;^p2^: r bc^ :xR s , 7": ,' / > 7 : 7 ' 

45 The operational amplifier 4 controls the gate-source voltage V GS2 of the : second 'MOSFET 2 such that the drain current 
Idq2 °* tne second MOSFET 2 is always held at a prescribed value evehlf the MOSFET 2 is subjected to a secular 
change. * . *■'-' • ' • * " r ' ' - ' - - 

[0020] The operational amplifier 5 operates to match the rate of change of the gate-source voltage V GS2 of the sec- 
ond MOSFET 2 with that of the gate-source voltage V GS1 of the first MOSFET 1 . Thus, assuming that the resistance 

so values of the resistors 11 , 12 are represented by "Rn", "Ri 2 ", respectively, the output voltage Voutl of the operational 
amplifier 5 is represented by the following formula: j 

.... o-~> .*j^">-^a 

■■• vouti = -( r ^/r iv> j^^^^i;v : : . : . ;* ; * \ ; , ■;" 7 o) 

55 [0021] The voltage Voutl is applied across the gate and : the r source bf the MOSFET 1 as 'V^ri :VWJi en the rate of 
__^ange^fthejate-source voltage of the secohdrMOSFET 2 is greater than the" rate of change of thecjate-source""' 
voltage V GS1 of the first MOSFET 1, the resistance R in of the resistor 1 1 is set to be greater than the resistance R 12 of 
the resistor 12, whereas when this relationship is reversed, the'resistarice RVVis set to be less than the resistance R 12 - 
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In the operational amplifier 6 the initial value of the gate to source voltage V GS2 of the second MOSFET2 is. set to match 
the initial value of the gate to source voltage Vqsi of . tne first. MOSFET 1. Assuming that the resistance values of the 
resistors 13, 14, 15 and 1 6 are represented by R 13 , R 14 , R 15 and R 16 ,. respectively, the output voltage Vout2 of the oper- 
ational amplifier 6 is represented . . .. 



(Vout2 = - (R 16 /R 15 ) x Voutl + R 13 x (R 15 + R 16 ). xV |/(R 15: x (R 14 + R 13 )n 



[0022] . Assuming tfiat R^is-equir to 

Vout2 = -(R i6 /R 15 )x Voutl +R 13 x(R 15 +R 16 )xV/(R^ (2) 

7".;. : : :: :.: =ivom;+2R, 3 xy ^r 14 j*: s 13 ) : . ; :: " : - '~.z,zs,,:: 



Here, R 13 and R 14 are determined such that the initial value of the gate to ; source voltage V GS2 of the second MOSFET 
15 2 matches the initial value of the gate^to source voltage V GS1 of the first MOSFET 1 . 

[0023] From formulae (1) and (2) above,, the voltage Vout2 is e>cpressed by the following formula (3): 

Vout2 = (R 12 /R „ ) x V GS2 + 2R 13 x V ./(R 14 + R 13 ) ' ; . .\ / • , (3) 

20 Embodiment 2 , / ■ 1 . ^ > . f •• ; i . . - 

[0024] A second embodiment of the present invention will be described in which the gate to source voltage V GS1 of 
the first MOSFET 1 is less than the gate to source voltage V GS2 of the second MOSFET 2. 

[0025] fig.,3 shows a circuit diagram of the second embodiment. In Fig. 3, like symbols as in Rgs. 1 and 2 desig- 
ns nate the like or corresponding parts or elements of the first embodiment, and hence a detailed description thereof will 
be omitted. Also, the operations of the second MOSFET 2 and the operational amplifiers 4, 5 of this embodiment are 
the same as those of Fig. 2, and thus a description thereof is omitted. ~ 
[0026] In the second embodiment, the connections of resistors connected to the input terminals of the operational 
amplifier 6 are different from those of the first embodiment. That is, in the first embodiment, the output terminal of the 
30 operational amplifier 5 is connected to the inverted amplification terminal of the operational amplifier 6. through the 
resistor 15, and the non-inverted amplification terminals of the operational amplifier 6 is connected to ground and the 
constant voltage terminal V 1 through the resistors 13, 14, respectively. On the other hand, inihe second embodiment, 
th inverted amplification terminal of the operational amplifier 6 is connected to the output terminal of the operational 
amplifiers and the constant voltage terminal V 1 through the resistor 15 and the resistor 14, respectively. 
35 [0027] . Here, if the resistance R 15 of the resistor 15 is assumed to be equal to the resistance R 16 of the' resistor 16, 
the output voltage Vout2 of the operational amplifier 6 is expressed as follows: 

Vout2 = -R 16 x(Vout1/R 15 + V 1 /R 14 ) (4) 
= - Voutl - R 16 xV 1 /R 14 



[0028] Here, it is to be noted that the resistances R 14 , R 16 of the resistors 1 4, 1 6 are determined such that the gate 
to source voltage V GS2 of the second MOSFET 2 matches the gate to source voltage V GS1 of the first MOSFET 1 . From 
formulae (1) and (4) above/the voltage Vout2 is obtained as follows: 

Vout2=R 12 xV GS2 /R 11 -R 16 xV 1 /R 14 (5 ) 

[0029] As in Fig. 2, the voltage Voutl is applied across the gate to source of the first MOSFET 1 as V GS1 . Where a 
part of a MOSFET in the chip of the first MOSFET 1 is used' as the second MOSFET 2, the secular change character- 
so istics of the first and second MOSFETs 1 and 2 become the same, so in formulae (3) and (5) above, R 1 , can be made 
equal to R 12 , and the voltage V 1 can be made equal to zero. 

[0030] As can be seen from the above, using an inexpensive small-sized MOSFET, l DQ can be held constant irre- 
spective of a secular change in the first MOSFET 1, thus suppressing a variation in the characteristics of the amplifier 
circuit. 

55 [0031] As described in detail in the foregoing, a MOSFET amplifier circuit according to the present invention com- 
prises: a first MOSFET; a constant current circuit for generating a current of a constant magnitude; a second MOSFET 
having the constant current generated by the constant current circuit as a drain current; and a voltage control circuit for 
applying a gate-source voltage of the second MOSFET to a gate-source voltage of the first MOSFET With this arrange- 
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ment, a variation in the drain current of the first MOSFET can be reduced or made constant; and by employing an inex- 
pensive MOSFET for the second MOSFET for example, it is possible to provide the MOSFET amplifier circuit at a low 
cost, which is capable i of compensating for the drain current to a constant value. : i- 

[0032] The second MOSFET in the MOSFET amplifier circuit may preferably be formed in a chip into which the first 
5 MOSFET is built, whereby the secular change characteristics of the first and second MOSRETs are made substantially 
the same, thus rendering the circuit design easy and simple; ■* : ' 

[0033] While the invention has been described in terms of a few preferred embodiments, those skilled in the art will 
recognize that the invention can be practiced with modification within the' spirit arid scope of the appended claims. 

io Claims. C .. ' . : : '• ■ . . ' - •. r ■ "■ • • r 'v ■ •-• • ' ; 

1. A MOSFET amplifier circuit comprising: 

v ' a first MOSFET;.- • •• ; " ^ v ' v " : ' : ' ' " " " Y.' / 

" 15 a constant current circuit for generating ia cii rreht of a' constant magnitude; \ : . 

a second MOSFET having a constant drain current controlled by said constant current circuit; and 

a voltage control circuit for applying a gate -source voltage of said second MOSFET to said first MOSFET as a . 

gate-source voltage thereof. ? * '■*' * ? \ ' ' • / ' 

20 2. The MOSFET amplifier circuit according to claim 1 , wherein said second MOSFET comprises a MOSFET element 



formed in a chip into which said first MOSFET is built. 
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Fig .4. 

Vgs - 'dq Characteristic of Mosfet 
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Example of Secular Change of Jdq of Mosfet 
(VVith Constant Vq S ) 
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